Abstract
Historically, wildcat gold mining operations known as garimpos have been the locations with the highest malaria prevalence in the Brazilian Amazon. However, little attention has focused on understanding the disease from the internal perspective of mining camps themselves, namely the characteristics of the mining and related population and its spatial organization. Most studies on the relationship between population and the environment in the Brazilian Amazon have focused on the effects of population and agricultural land use on deforestation 1, 2, 3, 4, 5, 6 , with less attention to the human health implications of different forms of land use such as agricultural settlement, cattle ranching, garimpos (small-scale, semi-mechanized, and highly labor-intensive mining of alluvial gold deposits), and urban-based activities. While previous studies in the Brazilian Amazon have shown an important association between high malaria prevalence, population characteristics, and land uses such as garimpos and new rural settlements, there is little causal evidence (backed by statistical models) to back such associations (some exceptions are Singer & Sawyer 7 ; Castro 8 ; and Barbieri et al. 9 ). This paper analyzes how malaria prevalence among individuals working and/or living in and around alluvial gold mining areas in northern Mato Grosso State in the Brazilian Amazon is related to distinct individual spatial, occupational-exposure, and cultural factors. The paper begins with a brief history of the settlement of northern Mato Grosso, particularly relating to the emergence of garimpos, and a brief overview of previous studies on malaria prevalence in alluvial gold mining camps in the Brazilian Amazon. We then describe the conceptual framework, data, measurement, and methods used in the analysis of how malaria prevalence in northern Mato Grosso is related to three sets of factors (spatial, occupation exposure, and cultural), followed by a discussion of the results and a brief conclusion.
Alluvial gold mining and land settlement in northern Mato Grosso
The Brazilian Mining Code of 1967 defines garimpo according to the following criteria: (i) precarious mining methods; (ii) mining in surface gold deposits; and (iii) individual, self-employed labor. Historically, the garimpo was the dominant locus of Brazil's gold production from the 17 th to the late 19 th century, when it was gradually replaced by foreign capital-intensive mining operations 10 .
Since the 17 th century, gold was known to exist in northern Mato Grosso State (located at 55º30'W -54º0'W and 9º30'S -11º0'S), in the Brazilian Amazon, but it was not until the early 20 th century that the first wildcat pan-miners (garimpeiros) arrived by the Aripuanã and Juruena rivers 11 . These pan miners and the indigenous population constituted the local population.
By the late 1960s there was a specific national policy regarding occupation of "empty" land in the country, mainly in the Amazon. This policy was implemented by opening new roads connecting the Amazon to the rest of Brazil, land settlement projects to attract the surplus population from the South and Northeast, and fiscal incentives to attract ranchers and entrepreneurs from the South. Construction of the Cuiabá-Santarém highway (BR-163) and a land settlement project in the early 1970s in northern Mato Grosso were part of this national policy. The first land settlement projects in northern Mato Grosso were designed to settle landless farmers from Southern Brazil and the State of Mato Grosso do Sul, but most of those who actually settled the region came there on their own, i.e., without any link to government or private land settlement schemes 12 . The expansion of agriculture and cattle ranching in northern Mato Grosso produced one of the highest deforestation rates in the Brazilian Amazon in the 1980s, continuing through the 1990s with the expansion of the so-called "soybean frontier" 9,13,14 .
As a consequence of such land settlement, the population in the study area increased from approximately 100 individuals in the early 1970s to 23,000 in 1979, according to Mato Grosso Mining Company (METAMAT), a public foundation in charge of geological and mining research in Mato Grosso 15 . Surface gold deposits were discovered in the area in 1979, attracting thousands of pan miners. As a result of gold's high price on the international market, Brazil's economic crisis, and the failure of land settlement projects due to a combination of inadequate soil, declining crop yields, and lack of infrastructure and markets for settlers, alluvial gold mining became the main economic activity in northern Mato Grosso in the 1980s 12, 16 . Such gold mining operations also fed the rapid urbanization rates in northern Mato Grosso, especially in the town of Peixoto de Azevedo, which became a key crossroads and lodging place for the flux of miners 12 .
This situation lasted for ten years, until the early 1990s. Newly elected President Collor de Mello's economic policy had several consequences for the garimpo boom, mainly a drop in the price of gold and an increase in the price of fuel (an essential input for alluvial mining). Additionally, by the late 1980s, the surface gold deposits had already dwindled to very low levels. Gold mining was forced to turn to deeper and deeper deposits and thus demanded more technology and capital. Traditional pan miners searched for new surface gold deposits in other areas and were replaced by newcomers with no experience in gold mining 17, 18 . Most of the latter were unemployed and/or unskilled workers from the country's poor Northeast. Although most of the local population involved in gold mining returned to their land 17 , mining remained the economic mainstay for northern Mato Grosso, due to the direct effect of the mining or indirect effects of related activities. Gold mining was also responsible for the increase in the region's population, reaching some 216,000 by 1991 19 .
In the mid-1990s there were four major garimpo areas in northern Mato Grosso. The most important was Matupá (59% of the gold mining population in northern Mato Grosso, according to METAMAT), located in the center and east of the study area. The Matupá area included the counties of Matupá, Peixoto de Azevedo, Terra Nova do Norte, and Guarantã do Norte. Alta Floresta (15% of the gold mining population in northern Mato Grosso) and Paranaíta (17%) located in the western portion of the study area, include garimpos in the counties of Alta Floresta and Paranaíta, respectively. Finally, Teles Pires (7%) included garimpos along the Teles Pires river, in the northwestern part of the study area. Malaria prevalence in alluvial gold mining areas
The technology used in the garimpos inevitably had a negative impact on the environment, directly linked to the high malaria prevalence in northern Mato Grosso. In the early 1990s, northern Mato Grosso had the highest malaria rate in Brazil, even surpassing other traditional endemic areas like Rondonia and southern Pará 9 .
The association between garimpos and endemic malaria has been observed elsewhere. Three main factors may account for this relationship. The first factor is the association between malaria prevalence and high mobility of infected miners 7, 9, 20, 21, 22, 23, 24 . Accoding to Barbieri et al. 9, 12, 16 , the high malaria prevalence in northern Mato Grosso is largely explained by the high mobility of infected individuals between areas with high malaria prevalence (mining camps and new settlements) and others with low prevalence (urban areas and older settlements). Furthermore, the region from which the miners originally migrated and the duration of residence in the garimpo may also reflect different responses to malaria (cultural factors and biological resistance based on acquired immunity), as well as the ability, knowledge, and resources to avoid the disease 9 .
Second, high malaria prevalence is associated with lack of adequate health infrastructure and housing in the mining areas. Better housing (construction with durable walls, roofs, doors, and windows) impedes mosquito vector entry and thus intra-domiciliary infection. Lack of adequate health infrastructure (e.g., local health clinics) hinders diagnosis of the disease and isolation and medical treatment of symptomatic individuals.
Third, occupational characteristics of miners and the mining areas are also a key factor for high malaria prevalence. The high exposure of miners to the mosquito vectors in mining areas is linked to the proximity to the vector's natural habitat, particularly sources of still, shaded water and forests 8, 25 . Links between malaria risk and the miners' occupational profiles are explained by the extremely long workday (12 to 24 hours, including the time of vector's most intense hematophagous activity) and limited protection against mosquitoes, and the predominance of unmarried, risk-prone young adult males 7, 9 .
Various other reasons are related to the miners' attitude towards the disease. They tend to display a kind of fatalism towards malaria, not amenable to any preventive measures, an unavoidable consequence of their daily life. The strong sense of individualism in these miners may also hinder forms of social interaction and the establishment of informal networks that might facilitate the exchange of information about malaria and potential sources of treatment.
Conceptual framework
Based on the above, we can define three sets of factors characterizing differential exposure to malaria among individuals involved directly in the alluvial gold mining as well as those affected indirectly (in trading, prostitution, transportation, etc.).
Spatial factors
Spatial factors related to the location of garimpo areas present varying potential for malaria prevalence. In particular, the relationship between the location of the mining area and the housing (inside the garimpo itself versus in a surrounding rural or urban area) can result in different degrees of exposure to the disease.
Intensity of occupational exposure factors
Population subgroups working directly or indirectly in the same garimpo area have different occupational and housing characteristics, which may cause varying exposure to the disease.
Cultural factors
Cultural factors have an impact on the capacity to prevent malaria and successfully treat those who have had past contact with endemic areas in their place of origin. Miners' with more schooling and stronger social networks are in a more favorable position for prevention and treatment.
Data, measurement, and methods
The data on gold miners in northern Mato Grosso were taken from a survey by the METAMAT in 1993. The sample includes 1,286 individuals directly or indirectly involving in the local gold mining camps. The dataset includes ten variables that were grouped according to factors defined in the conceptual framework.
The spatial factor refers to both the area where the actual mining is done and the miners' housing area (urban, rural, or inside the mining camp itself). Age group, gender, and marital status provided a proxy for intensity of occupational exposure factor. The rationale for this grouping was that in the garimpo, age, gender, and marital status are directly linked to the type of activity in which one is engaged, thus exposing individuals to malaria in varying degrees. The varying type of activity measures exposure more directly. Housing conditions are also an indicator of the degree of exposure.
The third factor consisted of three variables: schooling, place of birth, and social interaction. Place of birth was expected to indicate the type of socialization in different regions of Brazil, translated as specific cultural attitudes toward malaria, in turn causing different levels of exposure. For example, miners from the State of Maranhão (in the Northeast) have provided the traditional workforce for garimpos in the Amazon, while those from the South have a very recent history of gold mining in the same area. Social interaction indicates how socialization processes, i.e., how the individual interacts with the community (participation in parties, leisure activities, and meetings, and thus reliance on community members to mediate conflicts or disputes) can be an important instrument for establishing an informal network of information on health issues, including malaria prevention and health care.
A binary logistic model was used to assess the impact of these variables on malaria prevalence. Subjects were classified according to self-reported history of malaria in the three months prior to the survey. This self-reported malaria approach has been used in other studies in the Brazilian Amazon 7, 9, 23 . The Y variable is a measure of malaria risk representing the two groups, thus Y = 0 when there was no history of malaria in the previous three months and Y = 1 if the individual reported malaria during the same period. The probability p of Y = 1 is obtained by fitting the model:
ln (p/1-p) = bX where : p is the probability of malaria prevalence; b is the coefficient matrix of the model; X is the covariant matrix.
The covariant X matrix consists of dummy variables elaborated from categories for the original variables, such that the category with theoretically lower risk (the reference category) was omitted from the model: 
Results and discussion
Average malaria prevalence was 31.3%. As explained above, this represents the mean proportion of subjects with at least one episode of the disease in the previous three months. Table 1 shows the frequency distribution of these variables. Most of the miners worked and lived directly in the garimpo in the Matupá region. The miners were predominantly single males 25 to 39 years old, originally from the Northeast of Brazil, and with no schooling and low social interaction in the mining camps. Despite this predominant pattern, they showed diversification in all the variables that might lead to differences in malaria prevalence. Table 2 shows the models' parameter estimates and the statistical significance of each variable. The final model (Model 11) was obtained using a stepwise procedure; it excluded the gender and housing variables, because in step 6, the introduction of SEX1 (male) eliminated the significance of both variables representing the type of activity done in the garimpo, due to the high correlation between the two variables (thus the choice to exclude the gender variable from the model). The housing variable (HOS1) was not significant in steps 4 through 7 and was excluded from the subsequent steps.
The intercept represents subjects that are absent from the model, i.e., those working in the Teles Pires region (REG4), living in the urban area (RES1), prostitutes (ACT2), married (MAR2), > 40 years of (AGE3), born in the South (BRP3), with schooling (EDU2), and with high social interaction (SOC1). The intercept coefficient was negative and significant at 1% in all steps, except when the variable "permanent housing" (HOS1) was introduced in step 4. In the final model (step 11), its value was -1.8315, meaning that the "intercept group" had a prevalence of 13.81%, which if compared with the mean prevalence of 31.3%, shows this group's relative advantage in terms of lower malaria prevalence. In the final model, REG2 (working in Matupá), RES3 (place of residence: urban/rural/garimpo), AGE1 (< 25 years), AGE2 (25-39), MAR3 (other marital status), and SOC2 (low social interaction) showed a positive and statistically significant as-sociation with malaria prevalence. As expected, positively associated variables represented increased risk of malaria infection: the Matupá region includes the counties of Terra Nova, Nova Guarita, Peixoto de Azevedo, Matupã, and Guarantã do Norte, known to have the highest malaria prevalence in northern Mato Grosso and even Brazil as a whole since the late 1980s 18 . Even among miners themselves, those working in Matupá showed higher risk. Matupá may have other risk factors beyond individual traits (e.g., highly intense gold prospecting and/or a particularly hazardous environment). According to Model 11, miners living in both urban and rural/garimpo Table 2 Stepwise models and parameter estimates of probabilities of malaria infection in northern Mato Grosso State, Brazil. Source: data elaborated from METAMAT 26 .
* p < 1%; ** 1% < p < 5%.
areas had higher prevalence than those living in urban areas, while those living exclusively in the garimpos showed no differences from those living in urban areas. This indicates that the degree of mobility may help explain the differences in prevalence, more than the garimpo environment itself. The data also indicated that younger individuals and those with marital status other than single or married had more intense occupational exposure to malaria, and that those with low social interaction may have had less capacity to take preventive measures and obtain adequate treatment.
The variables ACT3 (indirect activities in the garimpo), BRP1 (born in the Northeast), BRP2 (born in the North and Central West), and EDU1 (no schooling) were significant and negative, showing less risk of infection than the intercept group. As expected, subjects involved in indirect activities like trade and transportation showed less risk of malaria than prostitutes, because they remained less time in the mining camps and at less risky times of the day. Subjects from the Northeast and North/Central West showed lower prevalence than those from the South/Southeast, possibly because the former have a long tradition of gold mining in the Amazon and have been exposed to many episodes of malaria. They are thus more prepared to deal with malaria and may be more resistant to the disease as compared to their counterparts from the South/Southeast. Surprisingly, those with no schooling showed lower prevalence, which could be explained by the lower overall schooling of individuals from the Northeast and North/Central West, who had lower prevalence rates.
Based on the above discussion, the apparently homogeneous gold mining population actually had many characteristics that posed differential risks of malaria. In addition, mining activity itself (ACT1) did not pose higher risk than prostitution, i.e., while the environment is highly hazardous, the risk is uneven among those working in the mining area. A hypothesis is that this result may also be related to the prostitutes' typically shorter period of residence in the garimpos and thus their limited ability, knowledge, or immunity to deal with the disease. However, all the other characteristics that were significant for explaining the differences referred mostly to the miners themselves, defining a sketchy profile of high malaria risk. As an example of the magnitude of this differential, the b coefficient for RES3 (residence in urban and rural/garimpo areas) was 0.9106, meaning that the risk of contracting malaria was 28.48% and that this group's risk relative to the intercept group was 2.06. An example in the opposite direction was BRP2 (born in North/Central West), with an estimated b coefficient of -0.5605. The prevalence rate was 8.38%, and the relative risk was 0.61. Unfortunately, the sample size did not support a more complete model with interactions among variables, but the mere analysis of the main effects is sufficient to call attention to the heterogeneity of what was an apparently homogeneous population.
Conclusion
The results point to the possibility of understanding the characteristics of individuals working or living (or both) in alluvial gold mining areas in northern Mato Grosso that can increase malaria risk, rather than viewing the risk as affecting a purportedly homogeneous population. In fact, increased malaria risk in northern Mato Grosso can be understood as a function of: spatial factors related to the location of the mining areas and the place of residence of the individual at risk; intensity of occupational exposure factors related to female prostitution; younger age; and individuals "other" marital status; and cultural factors related to original areas of residence in South or Southeast Brazil, schooling, and lower social interaction. Understanding specific population dynamics associated with increased malaria risk may provide a powerful instrument for orienting malaria prevention, treatment and control policies in mining areas in the Amazon. 
